The method and basic elements of computer solutions for both potential flow and viscous flow calculations for engine inlets are described.
INTRODUCTION
One of the significant areas in propulsion technology for advanced subsonic conventional -(CTOL), short-haul (STOL), and vertical takeoff (VTOL) aircraft is the design of the engine inlet section. For these high performance aircraft, the engine inlets are required to operate efficiently over wide ranges of mass flow, flight speed, and incidence angle. Furthermore, some applications may require unique configurations or considerations such as sound absorbing splitter rings, contouring for high-velocity throat section, low rotor inlet distortion, etc. Because of the great importance of efficient inlet flow on "both engine performance and noise radiation during takeoff and landing, considerable research and development effort is required for the design of high-performance inlets.
The principal tool in inlet design has been wind tunnel experiments with scaled models of inlets. This approach is an expensive and complex pursuit because of the very large number of geometric and flow variables involved. An extremely valuable asset in inlet design would be a computer program for the calculation of the potential and viscous flow within the inlet for a wide range of aircraft applications, inlet configurations, and operating conditions. Such a calculation procedure, would provide a valuable tool for: (l) parametric studies of the effect of inlet design variables and configurations; (2) analysis and correlation of test data; and (3) formulation of more efficient and economical test programs. A third computer program denoted CCMBYN combines the three basic solutions into a solution of interest that can be expressed as
The combination coefficients A, B, and C are determined by specifying any combination of l) free-stream velocity V , 2) inlet incidence angle « } and 3) average axial velocity V (or mass flow rate) as specified at a control station in the inlet ( fig. ^-) . The control station is a "rake"
of off-body points in the inlet. The criterion used to determine the point of separation is the condition of zero wall shear stress (zero skin friction coefficient).
Overall Program
The four computer programs discussed previously can be combined into a single program as illustrated in figure 5 . The overall calculation 2) so that compressibility was not a factor. However, this case was presented to illustrate the applicability of the method when the actual geometry differs from the artificial geometry (see fig. l(b) ).
The next case illustrates the applicability of the method when the flow is compressible. Figure 7 shows the theoretical and experimental surface pressure distributions on a fan-in-pod inlet (described in ref. A comparison "between theory and experiment at high inlet incidence angle (^0°) with forward velocity is illustrated in figure 8 (c). Engine inlets of short haul aircraft will be exposed to larger incidence angles than inlets of conventional aircraft (ref. 20) "because of the high lift coefficients and low speeds necessary for takeoff and landing operations.
Good agreement was found between experimental data and theory except at the inlet highlight (X/L = 0) where the theoretical static pressures were lower than experimental data. The "boundary-layer correction was effective in improving the solution at incidence angle in spite of the fact the "boundary layer is not uniformly distributed circumferentially in the aft portion of the diffuser. for toth static and crossflow conditions. The differences between the three cases were not significant enough to affect the choice. However another application of the method can be pointed out here, namely that the calculated static velocity profile as well as the upstream streamlines can be used as input to the fan rotor design. face Mach number levels and gradients, but a relatively small effect on the velocity profiles. Mach number distributions such as these can aid a designer in selecting an inlet geometry for a given application.
Acoustic Splitter Design
An application of the prediction method to acoustic splitter location and design is shown in figure l^. The method is used to obtain the cruise streamline along which the splitter is to be aligned ( fig. l4(a) ).
After a preliminary design of the splitter, surface Mach number distributions on the splitter surface ( fig. llj-(b) ) were obtained at cruise and takeoff conditions to aid in achieving a compromise between aerodynamic and acoustic requirements of the splitter. Examination of the Mach number distributions shows that similar Mach number gradients were obtained on both the inner and outer surfaces. This similarity is indicative of a properly aligned splitter. The potential flow solution can also be used to optimize the shape of the splitters by minimizing Mach number gradients for various splitter goemetries.
Boundary Layer Characteristics
The calculation procedure provides boundary-layer results for determining if separation will occur. An example, illustrating the boundary layer characteristics for the nacelle inlet of figure 10 , for an attached flow condition is shown in figure 15 . The boundary layer parameters presented are: the shape factor H, the skin friction coefficient C-, and In addition, the calculation procedure can be used to determine surface pressures and forces on boattails. For some engine nacelles the
•cowl pressure distribution may be influenced "by the flow over the aft end of the nacelle due to the relative proximity of the inlet and boattail.
The method could be used to investigate the interaction between the inlet and boattail for a given experimental configuration.
Theoretical circumferential variations of flow parameters at the fan face can also be used in test support. In reference 21 the theoretical change in rotor incidence angle was used as an aid in interpreting the variation in rotor exit total pressure ratio observed in the test. Also the theoretical distribution of rotor inlet flow angle was used to interpret the experimental distribution of rotor outlet flow angle.
COWCIUDING REMARKS
A theoretical method based on incompressible potential flow corrected for compressibility and boundary layer in axisymmetric inlets was described. NASA-Lewis
